Thioacetalization of the nitrobenzaldehydes with 2-mercaptoethanol is easily carried out in the presence of TMSCl and dichlorodimethylsilane without heating and using of additional solvent. The reaction direction is defined by the reagents ratio and led to formation of bis(2-hydroxyethyl)dithioacetals (yield 76-91%) or 1,3-oxathiolanes (yield 76-91%). Bis(2-hydroxyethyl)dithioacetals are easily transformed in the corresponding 1,3-oxathiolanes at long storage without heating or influence of catalysts, and also under electronic and chemical ionization.
Introduction
Nitro-substituted aromatic and heterocyclic compounds possess important biological activities 1 and are potential sources of the nitric oxide in living organisms. 2 Nitro-substituted arenes and hetarenes are used frequently for synthesis of the densely functionalized arenes and heterocyclic compounds. 3 Hence, studies of the nitrobenzaldehydes synthesis potential, in particular, creation of the carbonyl group protection methods as oxathioacetals and thioacetals present an urgent problem. One of the most convenient and promising methods for the carbonyl group protection to prepare novel and applicable polyfunctionalized nitroarenes and nitrophenylsubstituted heterocyclic compounds is an acetalization and thioacetalization of the nitrobenzaldehydes.
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In turn, the acetals are the precursors for the synthesis of compounds related to the benzofurans and indoles series, which are applied widely in the medicine. 4 The fivemembered oxathiolane ring occurs in nucleoside congeners that possess a pronounced antiviral activity. 5 2-Aryl-1,3-oxathiolanes are efficiently converted into 2-aryl-1,4-oxathiane 6 , acetals 7 , monosulfoxides. 8 Cyclic dithio-and oxathioacetals are employed in the reactions involving the ring-expansion 9 or ring-opening 10 of the thioacetal core, as well as an acyl anion equivalent in the carbon-carbon bond-forming reactions. 11 Open-chain thioacetals are used in the reactions of the carbon chain expansion. 12 Synthetic applications of the thioacetal function were extensively described in the review. 13 Thus, urgency of the development of novel and efficient methods for the preparation of oxathio-and dithioacetals is due to the growth of their synthetic and practical usage. It is known that synthesis of the oxa-and thioacetals from carbonyl compounds proceeds via the catalysis with proton acids, 14, 15 Lewis acids, [16] [17] [18] [19] [20] ets. 21, 22 Some of these methods possess a low chemoselectivity, require hard reaction conditions, utilization of expensive or toxic catalysts and reagents, inert gas environment, long reaction time or an additional and complicated processing of the reaction mixture when the final products are separated.
In a few earlier papers we reported chemoselective reaction of acetalization of the tiophene series carbaldehydes with the alkanthiols, -dithiols and -diselenol under moderate (-8 ÷ 0 °С) temperatures to furnish the open-chain and cyclic thio -and selenoacetals, which were not described earlier. [23] [24] [25] [26] This reaction was performed using the chlorotrimethylsilane (ТМSCl) as an medium and a catalyst. The benefits of ТМSCl application in the aldehydes acetalization are that hydrogen chloride is generated in situ through the thiols (dithiols, diselenols) interaction with ТМSCl. The latter further gives a proton when the chlorine anion bounds with the silyl cation. In the process, the carbonyl group is protonated that is necessary for acetalization, and this allows the aggressive environment to be avoided. The application of ТМSCl, which is not a superacid, is rather attractive for the effective acetalization of the aldehydes with unstable in acid substitutes. Another valuable feature of Me 3 SiCl is that it enables any water absorbents to be excluded from the reaction. Indeed, water, evolved during the synthesis, is scavenged by Me 3 SiCl, to produce hexamethyldisiloxane (HMDS) and hydrogen chloride. Hydrogen halide formed upon hydrolysis of TMSCl further increases the catalytic activity of the system. In addition, after the reaction is completed, both HMDS and TMSCl excess are separated readily from the reaction products. It has been reported that ТМSCl is an efficient water scavenger that permits it to be applied not only for the acetalization but for other processes as well.
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Results and Discussion
In continuation of our study of catalytic activity of TMSCl and other organochlorosilanes in the acetalization reaction to synthesize nitroaromatic dithio-and oxathioacetals we have investigated for the first time the interaction of o, m, p -nitrobenzaldehydes with mercaptoethanol without heating in the presence of chlorometylsilanes. It has been found that open-chain bis(2-hydroxyethyl)dithioacetals 3a-c or bicyclic nitrophenyl oxathioacetals 2a-c are generated depending on the ratio of the starting reagents (Scheme 1). Using the interaction of 4-nitrobenzaldehyde with 2-mercaptoethanol as an example, we have studied the effect of the catalyst structure and amount, the reaction temperature, the organochlorine solvent nature and the reagents ratio on yields of the target products 2a and 3a ( Table 1) . The results given in Table 1 demonstrate that 4-nitrobenzaldehyde reacts with 2-mercaptoethanol (equimolar ratio of the reagents) at 20-40 °С for 30 min under solvent-free conditions or in CH 2 Cl 2 solution in the presence of TMSCl 4-fold molar excess to afford 1,3-oxathiolane 2a in 88-90% yields (entry 1,2). Under the similar conditions, but with use of ССl 4 as a solvent and heating the reaction mixture up to (60-65 °С), the corresponding 1,3-oxathiolane 2а is formed, the yield being 9% lower than that achieved under solvent-free conditions or in the CH 2 Cl 2 solution (entry 3). The reaction of the aldehyde 1а with equimolar amount of 2-mercaptoethanol in the presence of trichloro(methyl)silane under solvent-free conditions proceeds with the lesser selectivity to give the target product 2a in a lower yield (67%), the impurity of dithioacetal 3a being simultaneously generated (Table 1 , entry 4).
Heating-free reactions of nitrobenzaldehyde 1а with two-fold molar excess of 2-mercaptoethanol under the effect of both chlorotrimethylsilane (entry 5) and dichlorodimethylsilane (entry 6) produce bis(2-hydroxyethyl)dithioacetal 3a in the yields of 91% and 87%, respectively. When four-fold molar excess of dichlorodimethylsilane is employed in the reaction, the bicyclic derivative 2a is formed in ≈ 7% yield. At the same time, condensation of the aldehyde 1а with 2-mercaptoethanol in the presence of four-fold molar excess of dichlorodimethylsilane at 35-40 °С in the CH 2 Cl 2 solution leads to the selective formation of bis(2-hydroxyethyl)dithioacetal 3a in 90% yield (entry 7).
Similarly, in the reaction of 2-and 3-nitrobenzaldehydes with 2-mercaptoethanol depending on the starting reagents ratio two types of products are produced, namely, openchain bis(2-hydroxyethyl)dithioacetal 3b,c or bicyclic -nitrophenyloxathiolane 2b,c, the yield of the latter being about 89% (Table 2) .
From the results obtained follow that the selectivity of the formation of oxathiolanes or dithioacetals from nitrobenzaldehydes in the presence of TMSCl is determined mainly by the reagents ratio. The alteration of the reaction temperature from 20 to 40 ºС does not effect the process direction (entries 1, 2, 5, Table 1 ). Only in the case when the reaction mixture was heated to 65 ºС (entry 3 Table 1), the yield of 2а slightly decreased.
The nature of nitrobenzaldehyde influences insignificantly of the process selectivity. For example, in the case of 3-nitrobenzaldehyde (under optimal conditions of oxathiolane synthesis), ditioacetal was formed in small amounts (NMR, entry 5, Table 2 ). Chlorotrimethylsilane plays a role of an effective water scavenger. In this reaction, Me 3 SiCl shows likely the properties of Lewis acid, the complex formed at the first step being further transformed to the adduct of mercaptoalcohol (Scheme 2). 27 The formation of α-chlorothioether НОСН 2 СН 2 SCHRCl, previously reported for the reaction of formaldehyde with thiols is also probable. 28 The further reaction of this ether according to HSAB concept furnishes the target dithioacetals.
So far, it was reported only one precedent of bis(2-hydroxyethyl)dithioacetal (3b) formation (in 90% yield) by the reaction of aldehyde (1b) with the two-fold excess of 2-mercaptoethanol. 29 In this case, the acetalization occurred in the presence of NaHSO 4 -SiO 2 as a catalyst at room temperature and under solvent-free conditions. 29 The authors assume that this reaction, exclusively proceeding via the SH-group to give bis(2-hydroxyethyl)dithioacetal (instead the expected 1,3-oxathiolane), is apparently due to the stabilization effect of the OH group owing to its stronger hydrogen-bonding with the sylanol groups of silica gel. It should be emphasized once again that the synthesis of dithioacetal 3a-c was sometimes accompanied by the formation of 1,3-oxathiolane 2а-c. Compounds 2а-c were obtained in a minor amount along with the target compounds 3а-c, the ratio of the initial reagents being 1:2 (Table 1, 2) .
The contradictory data were given in the paper 30 where it was reported that the 4-nitrobenzaldehyde reacted with 2-mercaptoethanol under solvent-free conditions in the presence of silica-supported perchloric acid to produce only 1,3-oxathiolane derivative 2а even under 20% mercaptoethanol excess. The authors of the paper 31 have developed a procedure for chemoselective bisthioacetalization of carbonyl compounds by alkyl-and arylmercaptans, including the 4-chlorobenzaldehyde by 2-mercaptoethanol to give bis(hydroxy)dithioacetal -2,2'-((4-chlorophenyl)methylene)-bis(sulfanediyl)diethanol in 93% yield. The reaction was carried out under solvent-free conditions using 10 mol% cerium triflate Ce(OTf) 3 as a recyclable catalyst. Unfortunately the authors did not give data concerning the influence of mercaptoethanol/carbonyl compound ratio on direction of the process. Probably, the interaction of the reagents taken in equimolar ratio under the same conditions and even in the presence of Ce(OTf) 3 would afford 2-(4-chlorophenyl)-1,3-oxathiolane. To confirm the process hemoselectivity, it seems to be appropriate to study the influence of the reagents ratio upon the products composition and structure. At the same time it has been reported 32 that the reaction of 4-nitrobenzaldehyde and 2-mercaptoethanol (1:1.5 ratio) at room temperature in the presence of Yb (OTf) the direction of the reaction between aromatic aldehydes and 2-mercaptoethanol only depends on the reaction conditions while the reagent ratio is unlikely to be determining factor. We have found that in the reaction of aldehydes with 2-mercaptoethanol in the presence of TMSCl, the initial reagents ratio plays crucial role for the products structure. The studies of properties of the products synthesized have allowed us to conclude for the first time that bis(2-hydroxyethyl)dithioacetal 3a-c undergoes the unexpected spontaneous transformation to the oxathiolane cycle with the elimination of mercaptoalcohol after two months standing at room temperature. So, according the NMR data, a mixture of oxathioacetal 2c and dithioacetal 3c (ratio 2c:3c = 1:9), after 60 days of air-free standing, is converted to a mixture with a ratio of 2c:3c equaling to 10:1. The conversion of dithioacetal 3c into five-membered oxathioacetal cycle (compound 2c) results in inversion of chemical shifts of the aromatic ring protons at the position 3,6 (from 7.85 to 8.04 ppm for Н-3, and from 8.01 to 7.89 ppm for Н-6) and low-field shift of the carbon signals of the phenyl ring С-1 and С-2, C-6. The similar transformation of dithioacetal 3c to oxathiolane 2c occurs under heating of the former at the ССl 4 solution in the presence of Me 3 SiCl at 60-65 ºС, after 2 h heating the ratio 3c:2c reaching 92:8. Interestingly, we have not observed the reversed transformation of nitrophenylsubstituted 1,3-oxathiolane 2а-c into the open-chain bis(2-hydroxyethyl)dithioacetals 3a-c during a long keeping of compounds 2а-c under moisture presence conditions.
The synthesized acetals are either crystal substances (2а, c; 3а, c) or light-yellow viscous oils (2b, 3b) . The analysis of mass-spectra of 1,3-oxathiolanes 2a-c under the electron and chemical ionization conditions has shown that the major direction of fragmentation of molecular ions in compounds 2 is due to the cleavage of the heterocyclic ring, the charge and not-paired electron being mainly localized on the [С 2 Н 4 S] +· fragment with m/z = 60 (I rel. = 100% in all the spectra) (Scheme 3).
Scheme 3
The further fragmentation of ion with m/z 151 for о-isomer 2c is due to the consecutive elimination of NO (ion with m/z 121 (37%) and СО (ion with m/z 93 (12%) molecules. In the mass-spectrum of m-isomer 2b, these peaks are less intensive (19%, 21% and < 1%), while for p-isomer 2a they are absent at all.
The comparison of the mass spectra of isomeric nitro-derivatives of 1,3-oxathiolanes 2a-c evidences the "ortho-effect", i.e., the ion peak and 136 (47%), which are typical for the ortho-substituted aromatic nitro compounds, are observable in the spectrum of 2c. The analysis of the mass spectra of 1,3-dioxa-and 1,3-oxathiolane nitro-derivatives has revealed that the sulfur atom in the saturated cycle plays the crucial role in the molecular ion fragmentation under the electronic ionization. For example, in the course of 1,3-oxathiolane degradation, the direction related to the nitro group decomposition (typical for 1,3-dioxalane) is suppressed completely. Also, the ion peak with m/z 89 corresponding to the oxathiolane fragment (ion with m/z 73 for dioxalane) is almost absent. While recording the mass-spectra, compounds 3а-c undergo thermal destruction. The spectra of thermolysis products coincide with those of 1,3-oxathiolanes 2a-c that supports the more thermodynamic stability of 1,3-oxathiolanes as compared to bis(2-hydroxyethyl)dithioacetal (3a-c).
Conclusions
In conclusion, we have devised a simple and efficient protocol for the preparation of bis(2-hydroxyethyl)dithioacetals and 1,3-oxathiolanes from nitrobenzaldehydes and 2-mercaptoethanol in the presence of TMSCl and dichlorodimethylsilane. It has been established that the dominating direction of the reaction between nitrobenzaldehydes and 2-mercaptoethanol in the presence of chlorosilanes is determined the reagents ratio. The facile transformation of bis(2-hydroxyethyl)dithioacetals into the corresponding 1,3-oxathiolanes accompanied by the elimination of mercaptoalcohol on long-term standing without external action has been shown. The similar transformation has been observed under electronic and chemical ionization of dithioacetals during analysis of their mass spectra. This fact indicates thermodynamic instability of these compounds.
Experimental Section
General. NMR spectra were recorded on a Bruker DPX-400 spectrometer ( 1 H, 400.13 MHz. 13 C, 100.61) in СDCl 3 , CD 3 OD as the solvents, and HMDS as internal standard. Chemical shifts are reported in ppm values (δ) and coupling constants (J) in Hertz. IR spectra were run on a Bruker Vertex 70 instrument. Mass-spectra under electronic ionization were recorded with Shimadzu GCMS-QP5050A spectrometer (quadrupole mass-analyzer, mass-detection range is 34-650 Дa) using the direct input sample system into ion source. The process temperature was varied from 30 to 200 degrees depending on sample fugitiveness. The spectra under chemical ionization were recorded on Agilent 5975 C instrument using methane as the reagent gas. Melting points were measured on a Kofler melting-point apparatus and uncorrected. Elemental analyses for C, H and N were obtained using a Thermo Finnigan Flash series1112 EA analyzer. Aldehydes, 1,2-mercaptoethanol and chlorosilanes were sourced commercially and were used in the reactions without additional purification. Solvents were purified, if necessary, by standard methods.
General procedure for the preparations of 1,3-Oxathiolanes (2а-с) and bis(2-hydroxyethyl)dithioacetale (3a-c) Method (а). To a stirred mixture of nitrobenzaldehyde 1 (0.756 g, 5.0 mmol) and TMSCl (2.57 mL, 20.0 mmol) was added dropwise 2-mercaptoethanol (0.39 g, 5.0 mmol) at r.t. The reaction was accompanied by self-heating and separation of the mixture into two layers. After stirring at r.t. for 30 min volatiles were removed from the reaction mixture under vacuum. Then the crude product was purified by recrystallization with hexane (2a, c) or washed with hexane and concentrated under reduced pressure (2b) ( Table 2) . Method (в). To a solution of aldehyde 1 (0.756 g, 5.0 mmol) in СH 2 Cl 2 (2 ml), TMSCl (2.57 mL, 20 mmol) and 2-mercaptoethanol (0.39 g, 5 mmol) were added under stirring at r.t. The reaction mixture was at 35-40 o C stirred for 30 min and then vacuumized. The residue obtained was recrystallized from hexane and dried in vacuo to afford the corresponding products 2a-c. In the case of dithioacetalization, the reaction was carried out under the same conditions (method (а) (в)) using 0.78 g of 2-mercaptoethanol (10 mmol). After stirring for 30 min, volatiles were removed from the reaction mixture under vacuum and the residue was treated with diethyl ether for the crystallization of a product. The latter was filtreated, washed with hexane and dried under reduced pressure to furnish the desired bis(2-hydroxyethyl)dithioacetals 3a-c (Table 2) . Nitrophenyl)-1,3-oxathiolane (2a) 
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